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The Drosophila dynamin-associated protein Dap160,
homolog of the vertebrate Intersectins, is thought
likely to act as a molecular scaffold in the synaptic
periactive zone. New mutant analyses have revealed
separable roles for Dap160 in the regulation of
vesicular endocytosis and synaptic growth.
The fusion and recycling of synaptic vesicles must be
tightly coupled to sustain high-fidelity neurotransmis-
sion. The synapse is compartmentalized into the
active zone, which mediates Ca2+-dependent synaptic
vesicle fusion, and the surrounding periactive zone,
within which resides cell adhesion molecules and
endocytosis machinery. Relatively little is known about
the architecture and coordinated functions of the
periactive zone, but it is thought to be an important
site for retrieval of the extra membrane added to the
plasma membrane each time a synaptic vesicle
undergoes exocytosis. At the heart of membrane
retrieval in the periactive zone is the GTPase dynamin,
first identified by the Drosophila mutant shibire —
from the Japanese word for ‘paralyzed’ — and a host
of dynamin-associated proteins (Figure 1).
Dynamin-associated protein 160 kDa (Dap160) was
isolated by cofractionation with dynamin from
Drosophila head extracts, and colocalizes with
endocytic proteins in the periactive zone [1]. Dap160
contains two Eps15 homology (EH) domains and four
Src homology (SH3) domains, through which it binds
dynamin, synaptojanin, a synaptic vesicle-associated
phosphoinositide phosphatase, and synapsin, a phos-
phoprotein synaptic vesicle tether in a reserve pool
(Figure 1) [1,2]. Vertebrate Dap160 was named Inter-
sectin to highlight its putative function as a macro-
molecular complex scaffold in the periactive zone [3].
Like Dap160, Intersectin binds numerous key
endocytic proteins, including dynamin, epsin1/2,
Stoned B/Stonin 2, Eps15 and synaptojanin (Figure 1)
[3–5]. Intersectin localizes to clathrin-coated pits via
its EH domains [6], and is enriched at the necks of
endocytic intermediates [7]. 
There are two vertebrate Intersectins. Intersectin 1-
short (1S) is ubiquitously expressed and most closely
resembles Dap160 — it has two EH domains and five
SH3 domains, one more than Dap160. Intersectin 1-
long (1L) is predominantly in neurons and has three
additional carboxy-terminal domains not found in
Dap160: Dbl homology (DH), pleckstrin homology (PH)
and C2 domains [6]. The DH and PH domains act as a
guanine nucleotide exchange factor (GEF) for Cdc42
and can thereby modulate the actin cytoskeleton
(Figure 1) [8,9]. Intersectin 1L regulates actin
cytoskeleton during endocytosis, vesicle mobilization
and modulation of synaptic structure [10]. In this
capacity, Intersectin binds to WASp, a positive
regulator of the Arp2/3 complex which nucleates F-
actin, and signals via the RasGEF Son-of-sevenless
and Cdc42 (Figure 1) [8,9,11]. The absence of
comparable domains in Dap160 suggests it may lack
cytoskeletal signaling properties.
A dominant-negative approach in mammalian cell
culture first implicated Intersectin 1S in synaptic
vesicle endocytosis. The expression of isolated
Intersectin SH3 domains, either alone or in combina-
tion, disrupted clathrin-mediated endocytosis
[4,8,11,12], presumably by sequestering essential
endocytic proteins. The critical genetic tests have now
been performed in the Bellen [13] and Davis [14]
laboratories through characterization of dap160 loss-
of-function mutations in Drosophila. Both groups
found that Dap160 is essential for viability and trans-
genic rescue experiments showed the requirement is
specifically within neurons. 
Koh et al. [13] went on to show that viable dap160
mutant flies display temperature-sensitive paralysis
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Figure 1. The endocytic interactome. 
Dap160 binds multiple proteins in the periactive zone of
neuronal synapses, including proteins implicated in endocyto-
sis, actin cytoskeletal organization and cell signaling. The
interaction modules EH–NPF, SH3–PXXP and coiled-coil
domains mediate protein–protein binding. Protein abbrevia-
tions: Dyn, dynamin; Endo, endophilin; Synj, synaptojanin; Syt,
synaptotagmin; WASp, Wiskott-Aldrich Syndrome protein;
ARP2/3, actin-related protein 2/3 (ARP2/3); and SOS, Son-of-
Sevenless.
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reminiscent of shibire dynamin mutants. Consistently,
but surprisingly, mutant neuromuscular junction
synapses show only a mild synaptic vesicle endocytic
defect at normal rearing temperature (22°C), although
a more severe impairment at elevated temperature
(34°C). The complete absence of Dap160 results in
phenotypes much less severe than removal of other
endocytic proteins, such as dynamin, Stoned or
endophilin [15,16]. Physiological nerve stimulation
results in near normal neuromuscular junction synap-
tic potentials in dap160 mutants. 
Only conditions of severe demand reveal an impair-
ment: for example, 10 minutes of 10 Hz stimulation
was found to cause an ~50% decrease in synaptic
potential amplitudes [13]. Similarly, assays of synap-
tic vesicle endocytosis with FM1-43 dye loading
revealed no short-term defects in dap160 mutants,
although after a 10 minute labeling period dye uptake
was found to be reduced by ~30%, with more severe
defects at higher temperatures. With higher levels of
demand — 30 Hz stimulation for 1 minute — FM4-64
dye loading is reduced by ~50% [14].
The frequency of spontaneous synaptic vesicle
fusions is two-fold higher in dap160 mutants, and
aberrant large-amplitude events occur quite often,
although the majority of events exhibit normal
amplitudes. Mutation of other endocytic proteins,
such as Stoned, endophilin and AP180, also increases
the average quantal amplitude at the Drosophila
neuromuscular junction, reflected in the appearance
of a class of enlarged synaptic vesicles [15–17].
Electron microscopy of dap160 mutants [13] revealed
fewer synaptic vesicles, a population of aberrant
enlarged vesicles, and accumulation of endocytic
intermediates at both active and periactive zones. 
Both groups [13,14] found that loss of Dap160
decreases the levels of several endocytic proteins,
including dynamin, endophilin, synaptojanin and
AP180. From confocal imaging at the neuromuscular
junction, the levels of these proteins are all decreased
by an average of about 50%, showing that Dap160
plays a facilitory but non-essential role in maintaining
the synaptic endocytic apparatus (Figure 2). All four
proteins remain clearly enriched in synaptic boutons
in dap160 mutants, which the authors suggest may be
due to persisting interactions among endocytic
proteins (Figure 1). Whether these proteins are
mislocalized or degraded is not clear. The exception
is synapsin, the reserve pool synaptic-vesicle-
associated protein that also interacts with Dap160 [1],
which shows a very interesting redistribution into
internal bouton puncta in dap160 mutants [14]. 
These findings are consistent with the view that
DAP160 may scaffold endocytic proteins, but show
that it is not essential in this function. They do not
make clear precisely how Dap160 may fulfill this
putative scaffolding role, and indicate that Dap160
function extends to other synaptic proteins not
implicated in endocytosis, such as synapsin. But the
integrity of the active zone does appear to be inde-
pendent of Dap160 [13,14]. Moreover, at least some
elements of the periactive zone are also organized
independently of Dap160; the cell adhesion protein
fasciclin II, for example, appears largely normal in
dap160 mutants.
Dap160 also plays an important role in the regulation
of synaptic architecture. This is rather unexpected, as
Dap160 lacks domains found in Intersectin 1L that are
implicated in the regulation of actin cytoskeleton and
synaptic growth [8,9]. In dap160 mutants, the neuro-
muscular junction displays an ~10-fold increase in
small ‘satellite boutons’ [13,14], which have been sug-
gested to represent a developmentally arrested bouton
[18]. Consistently, mutant neuromuscular junctions
Dispatch
R854
Figure 2. Models for Dap160 function during synaptic vesicle endocytosis. 
Model 1: Dap160 is required to maintain sufficient levels of the GTPase dynamin, which is crucial for synaptic vesicle fission in the
periactive zone. Dynamin’s GTPase activity shows allosteric dependence on its concentration during the oligomerization process.
Decrease in dynamin levels would lead to a non-linear decrease in dynamin activity. Model 2: Dap160 is required to localize dynamin
to the neck of the collared pit during endocytosis. In the absence of Dap160, dynamin fails to tether to the collared pit, dynamin is
destabilized/degraded and synaptic vesicle endocytosis occurs with low efficiency. Model 3: Dap160 dimers provide a platform for
propulsive force provided by actin polymerization and dynamin action acting coordinately to pinch off vesicles. In all models, synap-
tic vesicle fission is delayed, causing accumulation of collared pits, enlarged vesicles, and decreased vesicle density.
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were found not to grow beyond the normal synaptic
span, although Koh et al. [13] report a five-fold
increase in synaptic branching. These structural
defects are not observed in other endocytic mutants,
including synaptojanin and endophilin [2,16], suggest-
ing that the regulation of synaptic structure by Dap160
is separable from its role in endocytosis. 
Koh et al. [13] note aberrant staining of Futsch, a
microtubule-associated protein 1B-like protein, and a
fragmented synaptic microtubule cytoskeleton in
dap160 mutants; both groups [13,14] observed an
~50% decrease in Nervous Wreck, a WASp-binding
adaptor protein that controls neuromuscular junction
development by regulating actin cytoskeletal dynam-
ics (Figure 1) [19]. These abnormalities may be
causative of the observed developmental defects in
the dap160 mutants. It should be noted, however, that
nervous wreck mutant synapses show only a two-fold
increase in satellite bouton formation. Nervous Wreck
and Dap160 both interact with the actin-nucleating
protein WASp [19], but nervous wreck; wasp double
mutants display only a four-fold increase in satellite
boutons [19]. Taken together, these data suggest that
Dap160 may regulate microtubule and/or actin
dynamics, but the mechanism is unclear.
New work on Drosophila mutants thus indicates
that Dap160 acts as a molecular scaffold for the
endocytic machinery at neuromuscular junctions, and
separably regulates synaptic architecture. Does this
represent convergent or divergent molecular
functions? There does appear to be a strong link
between endocytosis and cytoskeletal organization.
Moreover, loss of dynamin function in shibire mutants
impairs growth, and vertebrate dynamin is implicated
in synaptic remodeling. But the loss of other endocytic
proteins in Drosophila causes only weak defects in
neuromuscular junction architecture [2,16], suggest-
ing that disrupted synaptic vesicle endocytosis per se
cannot explain developmental growth defects. So
there may be multiple, Dap160-dependent scaffolds
within the periactive zone, one regulating endocytosis
and another developmental growth. 
Given that Dap160 lacks Intersectin 1L domains
implicated in cytoskeletal interactions, the mechanism
by which Dap160 might regulate growth remains
unclear. Dap160 might localize Nervous
Wreck–WASp–Arp2/3 complexes to synaptic boutons,
thereby stimulating the production of branched actin
filaments, suppressing microtubule stability and
driving new bouton formation. As a scaffold for
endocytic proteins — dynamin, synaptojanin,
endophilin, and AP180 — Dap160 is clearly not essen-
tial, although more severe defects at high temperature
suggest that it plays an important stabilizing role.
Dap160 does not bind all of these proteins, only
dynamin and AP180 directly, and so may serve as the
foundation for a branching protein tree. As the EH and
SH3 domains of Dap160 are involved in multiple other
interactions, it is probable that Dap160 functions as a
stabilizing scaffold which interacts transiently with
different endocytic proteins at different steps of
endocytosis, in agreement with models based on
biochemical data [20].
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